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Introduction 
Stable isotope measurements have been increasingly used as a method to obtain information on relationships between 
plants and their environment (Dawson et al., 2002). Stable isotopes are seen as a powerful tool for advancing our 
knowledge on stock cycling and, nitrogen and carbon isotopic compositions have provided key insights into 
biogeochemical interactions between plants, soils and the atmosphere (Robinson, 2001). For the stable isotope 
measurements, the δ13C isotopic signature has been used successfully to disentangle physiological, ecological and 
biogeochemical processes and, δ15N studies have significantly improved our knowledge on nitrogen cycling pathways and 
nitrogen acquisition by plants (Vallano and Sparks, 2008).  
For the stable isotope measurements, traditional laboratory methods using isotope analysis are accurate and reliable, but 
usually time-consuming and expensive. Near-infrared spectroscopy (NIRS) analysis provides rapid, accurate and less 
expensive estimation. NIRS have been made to estimate herbage parameters using statistical methods such as multiple 
linear regression and partial least square regression (PLSR). PLSR uses all available wavebands in multivariate calibration 
for quantitative analysis of the spectral data. However, previous studies indicated that PLSR with waveband selection 
might improve their predictive accuracy in multivariate calibration at laboratory (Leardi, 2000) and the selection of 
appropriate wavelengths can refine the predictive accuracy of the PLS model by optimizing important spectral wavebands 
both in laboratory NIRS (Jiang et al., 2002). To optimize important spectral wavebands by wavelength selection, genetic 
algorithms (GA) is widely used, because GA has the ability to simulate the natural evolution of an individual and GA is 
well suited for solving variable subset selection problems (Ding et al., 1998).  
Barley and pea mixture is one of the most important forage species for livestock farming in Korea. To investigate nitrogen 
fixation and transfer in barley and pea mixture, stable isotope measurements was widely used. However, there was no 
research to estimate stable isotope in barley and pea mixture using NIRS in Korea. The aim of this study was to 
investigate performance of NIRS with PLSR using genetic algorithms based wavelength selection (GA-PLSR) and 
compare with PLSR without wavelength selection (FS-PLSR) for the estimation of δ15N and δ13C in barley and pea 
mixture. 
Materials and Methods 
The study site was controlled from May to June in 2008 in Incheon City, Korea. A completely randomized block design 
with three replications was used for the experiment and one reference plot assigned each treatment for nitrogen fixation 
evaluation. Seeding mixture was 40 kg barley and 80 kg pea per ha. N rate of 40, 80 and 120 kg/ha as fertilizer was 
applied at seeding. Forage was harvested from each plot in ripening stage at ground level and 113 samples were collected. 
Hyperspectral reflectance were collected from 113 samples using Foss-6500 (NIRS system, Inc., USA). Total of 1051 
wavebands between 500-2500 nm were collected and spectral data were smoothed. Isotope analysis were carried out to 
estimate Total N, Total C, δ15N and δ13C at the National Instrumentation Center for Environmental Management, College 
of Agriculture and Life Sciences, Seoul National University. 
PLSR analysis was performed in the reflectance to estimate Total N, Total C, δ15N and δ13C using PLS toolbox version 
6.5 (Eigenvector Research, Inc., WA) in Matlab software version 8.10 (Mathworks Inc., Sherborn, MA, USA). The GA-
PLS regression was conducted using a GA program in Matlab (Leardi, 2000), which was designed to minimize a risk of 
over-fitting due to the large number of variables in hyperspectral dataset. The suitability in each dataset for applying GA 
bands selection was conducted by fitness function (Leardi, 2000; Leardi et al., 2002) before the GA run, and five GA runs 
were performed because each GA-PLS gave a slightly different model. The predictive ability of the models was evaluated 
by the cross-validated coefficient of determination (R
2
cv) and the root mean square error of calibration (RMSEcv). 
Results and Discussion 
Coefficient of determination in FS-PLSR and GA-PLSR to predict Total N, Total C, δ15N and δ13C using reflectance are 
shown in Table 1. GA-based wavelength selection in PLS calibration suggested that the important hyperspectral 
wavebands for estimating δ15N are 8.8% and δ13C are 15.8% of all 2001 wavebands in the 500–2500 nm range. In every 
parameter, GA-PLSR models showed higher R
2
cv (Total N, R
2
cv = 0.70; δ
15N, 0.69; Total C, 0.55; δ13C, 0.66) than that of 
FS-PLSR (Total N, R
2
cv = 0.62; δ
15N, 0.66; Total C, 0.39; δ13C, 0.23), and GA-PLSR models showed lower RMSEcv 
(Total N, RMSECV = 0.53; δ
15N, 1.04; Total C, 1.11; δ13C, 0.51) than that of FS-PLSR (Total N, RMSECV = 0.69; δ
15
N, 
1.37; Total C, 1.39; δ13C, 0.65). These results confirm that the Total N, Total C, δ15N and δ13C of barley and pea mixture 
can be more accurately predicted by GA-PLSR than FS-PLSR in the spectroscopy.  
  
Table 1. Coefficient of determination (R
2
), root mean square error of calibration (RMSEcv), number of selected waveband (NW) and 
percentage of number of selected waveband (NW%) from FS-PLS and GA-PLS regression to predict Total N, δ15N, Total C and δ13C.  
   
Herbage FS-PLS 
 
GA-PLS 
variable R2cv RMSECV  
R
2
cv RMSECV NW NW% 
Total N 0.62 0.69   0.70 0.53 199 19.0 
δ
15
N 0.66 1.37   0.69 1.04   92   8.8 
Total C 0.39 1.39   0.55 1.11 190 18.1 
δ
13
C 0.23 0.65   0.66 0.51 161 15.3 
  
Conclusion 
We investigated the performance of the GA-PLSR model in the spectral assessment of Total N, Total C, δ15N and δ13C of 
barley and pea mixtures. The results indicated that the wavelength selection procedure using GA-PLSR refined the 
predictive ability expected by optimization of the wavelength subset, and Total N, Total C, δ15N and δ13C of barley and 
pea mixtures can be more accurately estimated by GA-PLS than by FS-PLS.  
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